Partially duplex DNA structures and oligonucleotide sequences. RFL (replication fork like) DNA was annealed from four different oligonucleotides and contained both Cy3 and Cy5 dyes. Lagging strand: Oligo-G 5'CGTACTGCAATCTTGAACCG(T)20/Cy3/GGAATTAAGCTCTAAGCCATCC 3', Oligo-H 5' /Cy5/CGGTTCAAGATTGCAGTACG 3'; Leading strand: Oligo-I 5' GCGTGATAGCATCCATGAGC 3', Oligo-J 5' GGATGGCTTAGAGCTTAATTCCGCTCATGGATGCTATCACGC 3'.
Once histograms were obtained, they were fit to one or two phase exponential decay equations. This enabled us to retrieve the rate constants and fraction of each term. In order to determine the best fit for the data, fits to one-phase decay or two-phase decay were compared by sum-ofsquares F-test (Prism). This method selects the simpler model unless the P-value for the more complex model is less than 0.05. Also, if one model was ambiguous (e.g. fitting does not return a unique set of parameters), the other model was chosen without formal comparison. In all cases where the double exponential provided a better fit, the p value was <0.0001.
Brownian Dynamic Model parameters.
Electrostatic interactions were modeled using the Debye-Hückel approximation, i.e. E elec = 332 q i q j exp (-κ r ij ) / D r ij , where q i and q j represent the charges on beads i and j, respectively, r ij (in Ångstroms) is the distance between the two beads, D is the dielectric constant of the solvent (set to 78.4 for water), κ is the Debye-Hückel screening parameter, which is a function of the ionic strength (set here to 150 mM), and 332 is a conversion factor that gives the energy in kcal/mol. For RPA, charges on beads representing ionizable residues were computed using the Henderson-Hasselbalch equation with average pKa values reported in the literature (1) of 2.7, 4.0, 12.0, 10.1 and 6.9 for Asp, Glu, Arg, Lys and His. For DNA, charges of -1 were placed on all CG beads representing phosphate groups.
Favorable Lennard-Jones interactions were included between all pairs of beads that are in contact in the initial homology modeled structure of the RPA-ssDNA complex (Material and Methods). RPA-RPA, RPA-DNA and DNA-DNA contacts were defined as any pair of beads for which corresponding non-hydrogen atoms were within 5.5 Å of each other. For the RPA-DNA interaction there were 90 such pairs of beads. Interactions of all such pairs of beads were modeled using: E LJ = 5 ε σ ij 12 / r ij 12 -6 ε σ ij 10 / r ij 10 where r ij is the distance between the beads during the simulation, σ ij is the distance between the same beads in the structure of the RPAssDNA complex, and ε is the energy well-depth that controls how energetically favorable each interaction is. In order to prevent unrealistic steric interactions from occurring during the simulations, the interactions of all other pairs of beads were modeled using a purely repulsive potential function: E steric = ε σ ij 12 / r ij 12 with ε set to 0.1 kcal/mol and σ ij set to 4 Å.
For RPA-RPA and DNA-DNA contacts ε was set to 1 kcal/mol, while for RPA-DNA contacts a more favorable value of 2 kcal/mol was used. These interaction values were not calibrated to experimental data but rather were chosen to enhance the probability of successful association of RPA and DNA occurring in a reasonable simulation timeframe: the use of a very short-range attractive component (proportional to 1/ r ij 10 ) ensures that beads are not drawn to each other over unrealistic distances but instead are only energetically rewarded when they come into near contact.
Brownian dynamics simulations of the association of RPA with DNA constructs were performed using in-house code developed in the Elcock laboratory. All simulations used a Langevin dynamics algorithm proposed by Geyer and Winter (2) as a simple extension of the Ermak-McCammon algorithm of Brownian dynamics (3). The RPA and DNA were initially separated from each other by ~40 Å and simulations of 5 μs duration were performed in order to gauge their tendency to associate. In order to increase the chances of association both molecules were confined within a sphere of radius 125 Å. A timestep of 125 fs was used in all simulations with the system coordinates being saved every 250 ps. Nonbonded interactions (i.e. electrostatic, Lennard-Jones and steric interactions) between beads separated by less than 30 Å were recomputed at each timestep; those between beads separated by more than 30 Å but less than 60 Å were recomputed every 10 th timestep; the list of beads within each distance range was recomputed every 1000 timesteps. Hydrodynamic interactions between beads -which are important to include in cases where translational and rotational diffusion are to be correctly described (4) -were modeled at the Rotne-Prager-Yamakawa level of theory (5,6), with each bead being assigned a hydrodynamic radius of 3.5 Å. The diffusion tensor was recomputed every 1000 steps (i.e. every 125 ps) and a fast parallelized Cholesky decomposition method (7) was used to obtain correlated random displacements for all beads in the system. Each 5 μs simulation took approximately 72 hours on a 48-core linux server. Annealed products and partial combinations were examined using 15% poly acrylamide gels to confirm annealing. Both fluorescent labels were visualized using the either Cy3 or Cy5 channel. In reactions indicated (TRAP), excess unlabeled oligonucleotide complementary to the oligonucleotide(s) listed was added, the sample boiled and allowed to re-anneal. This results in single stranded, labeled oligonucleotides (HJ or bubble TRAP) or for the Gap, a GH or GJB complex (H or J TRAP). The motilities of the different annealed structures confirmed that the correct partially duplex structures had formed. 
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